The magnetic field topology at the coronal mass ejection (CME) source regions has been one of the major focuses of CME initiation models. While the ''breakout'' model requires a quadrupolar magnetic topology in the solar corona to enable an eruption, other models have shown that a bipolar magnetic topology can be the source region of a CME. In this paper, we use observational data and a potential field source surface model to investigate the magnetic field topology over CME productive quiescent filaments. A total of 80 quiescent filamentYassociated CME events during 1996Y2004, spanning almost one solar cycle, with angular width !80 are selected for this study. We found both bipolar topology and quadrupolar topology at CME source regions. This observational test of the assumptions of theoretical CME models suggests that bipolar topology is more common overall and in each year. The total occurrence ratio between quadrupolar and bipolar topology is about 1 : 3 with this selection of events. On the rising phase of the solar cycle, there is mostly bipolar topology, but on the declining phase, there is a mixture of both bipolar and quadrupolar topology. The bipolar topology occurrence has no clear solar cycle dependence. The quadrupolar topology occurrence peaks on the declining phase in the current solar cycle 23.
INTRODUCTION
Despite tremendous progress in understanding coronal mass ejections (CMEs) in recent years, CME initiations are still a mystery (Forbes 2000; Moore & Sterling 2006) . Debates among CME models are not conclusive (Linker & Mikic 1995; Antiochos 1998; Antiochos et al. 1999; Forbes 2000; Linker et al. 2001 Linker et al. , 2003 Amari et al. 2003a Amari et al. , 2003b Lynch et al. 2004; DeVore & Antiochos 2005; Gibson et al. 2004; Gibson & Fan 2006) . The magnetic field topology at the CME source regions has been a major focus of CME initiation models. It is widely accepted in the community that CMEs are driven by magnetic free energy. Aly (1991) and Sturrock (1991) have shown that a fully open field for a given flux distribution has the maximum magnetic energy. It seems difficult for the eruption process to open the field lines and at the same time to release energy. The so-called breakout model (Antiochos 1998; Antiochos et al. 1999) solves this problem by requiring a multiflux system or a quadrupolar topology. When the sheared structure at the base rises due to certain mechanisms and pushes the lower field arcade up against the overlying upper field arcade, instead of opening the overlying field lines, the process transfers the upper closed field lines from one system to other systems (the side arcades) through magnetic reconnection between the large-scale overlying arcade and lower central arcade immediately over the sheared structure to let out the eruption. In order for the reconnection to take place, the overlying field arcade and the lower central field arcade need to have an antiparallel component. On the other hand, Linker et al. (2001 Linker et al. ( , 2003 showed with MHD simulations that an adequate amount of flux cancellation at the magnetic neutral line at the base of a bipolar region may also lead to the eruption of a sheared structure and the overlying arcade. All closedfield arcades over the sheared structure are set in one direction, or parallel in their model. They pointed out that the flux cancellation decreases the ''open field energy'' of the system. In this paper, we also name the two topologies ''antiparallel'' and ''parallel'' topology, respectively, referring to the relationship between the erupting small arcade and the overlying large-scale arcade.
CMEs are gigantic ejected plasmoids from the Sun, often with organized magnetic structure, carrying masses typically 10 15 Y 10 16 g and total energy of 10 30 Y10 31 ergs ( Howard et al. 1985; Vourlidas et al. 2000) . Evidently, CMEs are the most important space weather driver and are responsible for the most intense geomagnetic storms (Gosling et al. 1991; Gosling 1993; Webb 1995; St. Cyr et al. 2000; . They may also play a role in the solar magnetic field evolution over the solar cycle by expelling magnetic fluxes (McComas et al. 1995; Low 1996; Luhmann et al. 1998; Gopalswamy et al. 2003b) . CMEs take place frequently, on average from $0.5 per day at solar minimum to several per day around solar maximum (St. Cyr et al. 2000; Yashiro et al. 2004) . The speed of CMEs ranges from <100 to >3000 km s À1 . There has not been any attempt to verify what kind of coronal magnetic topology is most responsible for spawning CMEs in reality. It is also interesting and important to find out whether the most energetic CMEs are associated with a certain topology. In this effort, we use observational data and a potential field source surface ( PFSS) model to investigate the magnetic topology at the source regions of quiescent filamentY associated CMEs. CMEs are found associated with active region flares as well as quiescent filaments or prominences (Bothmer & Schwenn 1994; Cliver et al. 1994; Webb 1998 Webb , 2000 Gilbert et al. 2000; Zhang et al. 2001; Li et al. 2001; Gopalswamy et al. 2003a Gopalswamy et al. , 2003b Cremades & Bothmer 2004; Jing et al. 2004 ). The quiet region magnetic fields are generally less complex and so more readily analyzed for their topology. Their coronal fields are also the most likely to be well described with a potential field model apart from the central sheared structure that is not our particular concern for this study.
Starting around solar minimum, bipolar active regions emerge with the same leading polarity as the polar region field polarity in the same hemisphere. At about the solar maximum, the polar fields reverse; therefore, during the declining phase, the active region leading polarities are in general opposite of the polar field in the same hemisphere. The active region fields will subsequently decay and be distorted by motions including differential rotation and meridional flow. With our selection of events spanning almost the entire solar cycle 23, we also study whether a particular magnetic topology is more important for initiating CMEs associated with quiescent filaments at different phases of the solar cycle.
EVENTS SELECTION
Our event selection began with the LASCO CME catalog complied by N. Gopalswamy & S. Yashiro (Yashiro et al. 2004 Finally, an event is selected when the correspondence between a LASCO CME and a quiescent filament disappearance can be positively identified and, at the same time, the filament channel can be confidently located in MDI (or GONG) magnetograms. Many events at the east limb cannot be selected for the study, because the filament channels cannot be located with confidence, while westlimb events can be selected when we can trace back a few days and identify the filament on the disk before the eruption. For our study a total of 99 events are selected from the 1996Y2004 SOHO observations. With this group of events, Mount Wilson Observatory (MWO) synoptic maps and PFSS spherical harmonic coefficients are then used to extrapolate field lines over the filament channels and large-scale overlying field arcades. We calculate the large-scale closed arcades where the apex of the arcades reach the PFSS model source surface at 2.5 R , the upper boundary of the coronal helmet streamer belt. Filament channels of 67 events originating under these large-scale coronal streamer arcades are first selected. The filament channels of the other 32 events are not under the main coronal helmet streamer arcades. For these we calculated large-scale arcades at two lower heights with the apex at 2.0 and 1.5 R . Thirteen of the 32 events are found under the lower large-scale arcades canopy, giving a total of 80 events for which the relationship between the small-scale field at the filament channel and the large-scale overlying field can be studied. We therefore include the 80 events in this paper and eliminate 19 of our original events for this study. Most of the 19 eliminated events are from around the solar maximum period, when the streamer arcades are often complex and very warped, whereas near solar minimum the large-scale arcades encompass most of the solar globe except for the polar regions. The magnetic field topology at the source region and other characteristics of 80 of the 99 events are analyzed in this paper.
ANALYSES
In this section, we use a few examples to demonstrate our analyses. (For a list of all 80 events, see Figure 2 (top). The filament channel is represented with the red (positive magnetic field) and green (negative) patch, and the blue field lines are those that have footpoints in these patches. Orange and aqua regions represent positive and negative coronal holes, respectively. The orange and aqua field lines are the large-scale coronal streamer arcades; the orange portion of the field lines indicates that the radial field component is pointing up and the aqua portion indicates that the field is pointing down. In this case, the field lines immediately over the filament and the large-scale field lines are parallel to each other, which is further illustrated with a spherical projection in Figure 2 (bottom), where the red portion of the field lines indicates that the radial field component is pointing up and the green portion indicates the field is pointing down. This field topology is the same kind that was employed in the ''flux cancellation'' CME model of Linker et al. (2001 Linker et al. ( , 2003 , where no reconnection is possible between the lower coronal field arcades and the upper arcades. This is what we call a parallel topology.
The second case is a classic three-part limb CME (front, cavity, and core) from the northwest on 2003 February 18, seen in Figure 3 (top) with a LASCO and EIT combined image. A filament with more substantial thickness and length may be seen in the northern hemisphere and slightly to the west on February 17 in the BBSO H image in Figure 3 (middle). The disappearance of this filament the next day accompanied the limb CME at 02:42 UT with a plane of the sky speed of 888 km s À1 according to the CME catalog. The long and well-defined filament channel in the magnetogram is shown with the MDI synoptic map for CR 1999 between Carrington longitude 30 and 100 and centered about latitude 35 N in Figure 3 (bottom). Again, using MWO PFSS spherical harmonic coefficients, we traced field lines from the filament channel and large-scale field lines (see Fig. 4 , top). As in the first example described above, the filament channel is represented with red (positive magnetic field) and green (negative) patches, and the blue field lines are those that have footpoints in these patches. Orange and aqua regions represent positive and negative coronal holes, respectively. The orange and aqua field lines are the large-scale coronal streamer arcades; the orange portion of the field lines indicates that the radial field component is pointing up and the aqua portion indicates that the field is pointing down. In this event, the field lines immediately over the filament and the outermost large-scale field lines are antiparallel to each other, which is further illustrated with a spherical projection in Figure 4 (bottom), where the red portion of the field lines indicates that the radial field component is pointing up and the green portion that the field is pointing down. The multiflux topology of the field lines closely resembles what the CME breakout model of Antiochos (1998 Antiochos ( , 1999 requires. There are four flux systems, the central small field arcade and two adjacent field arcades on each side, and a large-scale field arcade overhead. The central small arcade that overlies the erupting filament channel has a field direction that is antiparallel with the overlying large-scale arcade setting a favorable condition for reconnection between the two systems when the small arcade rises up against the overlying one. The mechanisms for the small arcade to rise is not restricted to any kind by the model. The structure may be destabilized by flux cancellation, flux emergence, or any other cause.
There are a few different terms used in the solar physics community and this paper in reference to these two different magnetic field topologies. These terms represent the same topology: ''flux cancellation topology,'' ''bipolar topology,'' ''single arcade topology,'' and ''parallel topology,'' and similarly these terms represent the other topology: ''breakout topology,'' ''quadrupolar topology,'' ''multiflux system topology,'' and ''antiparallel topology.'' Each of these terms emphasizes some aspects of the topology. For instance, as mentioned above, flux cancellation -Top: PFSS model offield lines over the filament channel and large-scale field lines for 1997 September 28 CME. The filament channel is represented with the red and green patches for positive and negative magnetic field, respectively, and the blue field lines are those that have footpoints in these patches. Orange and aqua regions are positive and negative coronal holes, respectively. The orange and aqua field lines are the large-scale coronal streamer arcades; the orange portion indicates that the radial field component is pointing up and the aqua portion that the field is pointing down. Bottom: Spherical projection of field lines around CR longitude 75 and MDI synoptic map to further illustrate that the field lines over the filament and the large-scale field lines are parallel to each other, where the red portion of the field lines indicates that the radial field component is pointing up and the green portion that the field is pointing down. This region has parallel topology. may indeed occur with a breakout topology case. But flux cancellation is not required by the breakout model but is required by the flux cancellation model. In this paper we use these terms interchangeably as appropriate in the text.
STATISTICS AND SOLAR CYCLE DEPENDENCE
We applied similar analyses as described in x 3 to the 80 CME events for which the source regions are located under the largescale arcades. We found both antiparallel and parallel topologies. The statistical result is shown in Figure 5 . The blue bars indicate parallel topology, and the red bars indicate antiparallel topology. It is seen that parallel topology is more common overall and in each year. On the rising phase (before year 2000) of solar cycle 23, almost all are parallel cases, but on the declining phase, there is a mixture of parallel and antiparallel cases. There are a total of 21 events with antiparallel topology and 59 events with parallel topology. The ratio between the antiparallel and parallel topology is approximately 1 : 3.
Approximate latitudes of the filament center locations are plotted on a magnetic butterfly diagram from 1995 to 2005 September in Figure 6 . As described in x 3, the filament channel for each filament was identified in the MDI synoptic charts. The CR longitude and latitude of the approximate center of each filament and 44 at or below 30 . The 36 higher latitude filaments (some are polar crown filaments) are usually in the elongated filament channels above active latitude, and the 44 lower latitude filaments are in filament channels in relatively fresh decayed active regions or between decayed active regions. There is an overall trend for the locations of this group of filaments to decrease in latitude from 1996, which is the solar minimum year, and also the beginning of our measurements, toward 2004, which is four years after solar maximum, and the end of our measurements. The trend is similar to that of the butterfly pattern but centered at higher latitudes. As discussed before, most cases on the rising phase before year 2000 are parallel cases (diamonds), except for only three cases. Most of the cases on the rising phase are located at or above 30
. One of the antiparallel cases is located at 30 and two just below 30 . After the solar maximum year 2000 within which the solar polar magnetic field reversed (see the color change around CR 1970 at both polar regions in the butterfly diagram in Fig. 6 ), there is a mixture of both topologies, and no particular pattern distinguishes the locations of the two types.
We also analyzed the CME plane-of-sky linear speeds published in the same LASCO catalog 4 for a possible association between the coronal source field topology and the resulting CME speed. The CME catalog gives CME speeds from linear fits and quadratic fits, and the linear fit is preferable for 90% of CMEs ( Yurchyshyn et al. 2005) . The linear speeds of this group of 80 quiescent filamentYrelated CMEs range from 104 to 1863 km s À1 . Figure 7 gives the distributions of the speed of all 80 events in the top panel, the parallel cases in the middle panel (ranging 104Y 1863 km s À1 ), and the antiparallel cases in the bottom panel (ranging 168Y1072 km s À1 ). The overall speed peaks at low values around 300 km s À1 . The parallel cases (59 events) resemble the overall distribution. The antiparallel cases (21 events) have a very different distribution and peak at a higher speed about 600 km s À1 , but the number of events is small. The parallel cases are responsible for the few CMEs with the highest speed at the tail of the distribution, although the speeds peak at a lower value. It is important to note that the speeds here are plane-of-sky speeds without any projection corrections, which may sometimes significantly differ from the real speed. However, in the literature the plane-of-sky speeds are used for statistical studies because it is not a straightforward matter to correct for perspective when the three-dimensional (3D) structure is unknown.
It is evident that quiescent filamentYrelated CMEs can be as fast as nearly 2000 km s À1 . Of the 80 events, nine events have speeds greater than 1000 km s À1 , which contain over 10% of the total events, and 42 events (or over 50%) have speeds greater than 500 km s À1 . Quiescent filaments are not associated only with slow CMEs. On the other hand, no CME in this group has a speed over 2000 km s À1 . The speeds of the 80 selected CMEs are shown in Figure 8 as a function of Carrington rotation, where diamonds correspond to CMEs with parallel topology and crosses to those with antiparallel topology. Solar maximum of cycle 23 was at CR 1967, around the center of the x-axis. It appears that the speeds of the 80 selected CMEs do not show any clear solar cycle dependence.
DISCUSSIONS AND CONCLUSIONS
We have studied 80 quiescent filamentYassociated CME events with angular width !80 that occurred during 1996Y2004. This sample represents a group of wide CMEs. Using magnetogram data and a PFSS model, both parallel and antiparallel topologies are found at the CME source regions over the filament channels. We conclude that either parallel or antiparallel coronal field topologies can lead to CME initiations. It is also shown that parallel topology is more common overall and in each year. The total occurrence ratio between the antiparallel and parallel topology is about 1 : 3 with this selection of events. The parallel topology occurrence has no clear solar cycle dependence. The antiparallel topology occurrence peaks on the declining phase in the current solar cycle 23. On the rising phase of the solar cycle, there is mostly parallel topology, but on the declining phase, there is a mixture of both parallel and antiparallel topology. This result connects the occurrence of CMEs with different types of topologies over quiescent filament channels in our data set directly to the behavior of the solar magnetic cycle. During the rising phase of the cycle when the new active regions appear at their highest latitudes, their decaying field-formed filament channels tend to have polarity structures consistent with the prevailing (old cycle) polar 4 See http://cdaw.gsfc.nasa.gov/CME _ list. fields. As the solar cycle proceeds, active regions begin to emerge at lower latitudes, and around the solar maximum or the polar field reversal, more and more alternating decayed polarity bands begin to form, leading to the increased mixture of the two different coronal field topologies.
Having found that CMEs can be initiated in regions with either of the two types of magnetic topologies, other contributing factors to CME initiations for different field topologies need to be studied by means of observational data, including photospheric magnetic field variation and motion surrounding a CME, for further understanding of the initiation process. studied the flow fields of CME source regions using a local correlation tracking (LCT) technique. They found converging flows toward the magnetic neutral lines for three cases, which may be positive evidence of flux cancellation process. Two of the CMEs are quiescent filamentYrelated and are included in the current study. Both of these CMEs have parallel topology, where flux cancellations at the photosphere are required to enable a coronal eruption according to MHD simulations by Linker et al. (2003) . Our effort on the flow fields in CME source regions with different types of field topologies is current and ongoing. Studies have been carried out in an attempt to find evidence of reconnections below and above the erupting structures using observations including EUV and SXT (Aulanier et al. 2000; Sterling & Moore 2004a , 2004b Gary & Moore 2004; Neupert 2005; Li et al. 2005) . Reconnection evidences are found at both locations, but it is difficult to distinguish which is the trigger of the eruption.
During 1996Y2004, the total number of CMEs recorded in the catalog is 9239, and the number of CMEs with angular widths !80 is 2209. Assuming about half of the events originated from the back side of the Sun, the number of front-side CMEs is about 1105. Our data set consisting of 80 events is only a small fraction of them, or about 7.24%. Thus, one should not extrapolate the results presented here to the total population of CMEs, both quiescent filament and flare-related CMEs, especially the latter. As pointed out earlier in the paper, we have not selected any active region-related CMEs for our analyses because active region fields typically have a significant departure from the potential field and may not be well described by PFSS models. We expect that the magnetic field topologies above active regions would be more complex and depend more on the local fields. We cannot extrapolate the current results to active region topologies, nor can we envision whether our results about the two kinds of topology and the solar cycle trends will hold true for CME productive active regions. Separate studies need to be carried out by different methods for active regions. Nevertheless, our study confirms that CMEs can be initiated at sites with either bipolar or quarupolar topology.
It will be interesting to find out whether MHD simulations indicate that the two types of topologies result in CMEs and ICMEs with different internal structures and energetics and hence geoeffectiveness. By iterating between the observations and modeling it should be possible to better characterize the conditions responsible for a large number of the events produced by the Sun. studied the solar cycle dependence of the magnetic cloud polarity. Magnetic clouds are a group of special ICMEs that show clear flux-rope signatures. They found that the bipolar signatures of the magnetic clouds show a solar cycle dependence but not a simple picture. Some of our 80 CMEs are halo or partial halo CMES, which may have interplanetary CMEs (ICMEs) that encountered the Earth. In future work, we will study the corresponding ICMEs and their solar cycle dependence, and particular attention will be given to the ICME signatures related to the two different types of source region topologies.
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APPENDIX TABLE 1
List of 80 CME events
Lat. 
